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Introduction 

Numerous epidemiologic investigations 
have examined the adverse effects of pas¬ 
sive smoking on children and adults; the 
evidence is sufficiently compelling to es¬ 
tablish passive smoking as a cause of dis¬ 
ease in nonsmokers (1,2). Both the 1986 
Surgeon GcneraTs Report (1) and the Na¬ 
tional Research Council (2) have conclud¬ 
ed that passive smoking causes increased 
lower respiratory illness in infants, in¬ 
creased respiratory symptoms in children, 
reduced lung growth during childhood, 
and lung cancer in nonsmokers. Al¬ 
though health effects of passive smok¬ 
ing have been convincingly demonstrat¬ 
ed, additional research is needed to ad¬ 
dress unresolved issues concerning this 
preventable exposure. For example, more 
precise description of exposure-response 
relations should be achieved for the al¬ 
ready established health effects. Uncer¬ 
tainties concerning the adverse effects of 
passive smoking in the workplace and on 
the occurrence of ischemic heart disease 
must also be resolved. 

The conduct of this research would be 
facilimed by improved methods for ex¬ 
posure assessment! In most epidemiologic 
studies on passive smoking published to 
date, exposure to environmental tobacco 
smoke, the combination of exhaled main¬ 
stream smoke and sidestream smoke, has 
been assessed by questionnaire However, 
exposure to environmental tobacco smoke 
can also be estimated with air monitor¬ 
ing and measurement of biologic mark¬ 
ers in body fluids, such as salivary coti- 
nine. Biologic markers are increasingly 
emphasized as a standard for validating 
questionnaire responses. To characterize 
the relationships among these alternative 
approaches for assessing passive smok¬ 
ing in the home environment, we con¬ 
ducted a prospective study of 10 house¬ 
holds. We periodically collected ques¬ 
tionnaire information on exposure and 
measured respirable particles and nico¬ 
tine in air samples and urinary and sali¬ 
vary cotinine in the 20 nonsmokers in 
these households. 
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Methods 

Sample Selection 

Between February and December 1986, 149 
nonsmoking volunteers, 18 years of age and 
older, were recruited from Albuquerque and 
surrounding communities to participate in a 
study of the accuracy of questionnaire assess¬ 
ment of exposure to environmental tobacco 
smoke (3). From this sample, we selected 10 
subjects living with at least one cigarette 
smoker and requested the participation of the 
entire household for this investigation. The 
households were selected on the basis of will¬ 
ingness to participate and location, and were 
not intended to be representative of the origi¬ 
nal sample. 

Data Collection 

Between March and October 1986, we ob¬ 
tained exposure questionnaires, saliva and 
urine, and air particle samples on 10 sampling 
days: every other day over 10 days, and then 
l day every other week over 10 wk. The ques¬ 
tionnaires and saliva and urine specimens were 
obtained at the end of a 24-h air monitoring 
period (described below). From the question¬ 
naires, we determined the reported number 
of smokers and number of hours that the sub¬ 
jects were exposed during the previous 24 h 
to cigarettes, cigars, and pipes at home, at 
work or school, in a vehicle, and in other 
places. Questionnaires were self-completed by 
the adults, and by a parent for children 14 
years of age and younger. Spot saliva and 
urine specimens were obtained and frozen 
at -20° C until the cotinine assays were 
performed. 


Cotinine Assay 

Cotinine was quantitated by a double anti¬ 
body radioimmunoassay, as described by Lan- 
gone and coworkers (4). A specific antiserum 
produced in rabbits was supplied by Dr. Hfc- 
len Van Vunakis (Brandeis University). Urine 
samples were diluted 1:4 for the assay. The 
sensitivity of the assay in our hands was 36 
pg/tube or 0.78 ng/mf of urine (4,204 
pmol/L). Urine creatinine concentrations 
were determined by the Jaffe reaction (5), and 
the cotinine concentrations were standardized 
to the creatinine concentrations. Assays were 
performed without knowledge of question¬ 
naire responses. 
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Fig. 1. RespiraW* partied concentrations (RSP) measured during 24-h sampling period* in 10 home* with at 
least one ctgarene smoker. The bars indicate the mean levels tor each home. 


Data analyses were performed with stan¬ 
dard programs o f the Statistical Analysis Sys¬ 
tem (8). 


Results 

The 10 households included 11 cigarette 
smokers and 20 nonsmokers, 11 femalts 
and nine males 1.5 to 74 yr of age. The 
homes included eight unattached single 
family houses, one mobile home, and one 
apartment. 

Reports on exposure to tobacco smoke 
in the home were obtained for all 10 sam¬ 
pling days from 17 subjects, and for 9 
days from three subjects. The reported 
number of cigarette smokers in the home 
per day did not vary widely. The median 
number (range) of smokers per day was 
one for 18 of the nonsmoking subjects 
(zero to 10), zero for one subject (zero 
to 1), and four for one subject (2 to 25). 
Greater variability was reported for the 
number of hours exposed to cigarette 
smoke in the home, with' the median 
number of hours ranging from zero to 


Particle Measurements 
In the major activity room of each home, Har¬ 
vard School of Public Health impactors (6), 
operating at a flow rate of 4 L/min, were used 
to collect respirable particles and gaseous 
nicotine samples. Through a timed solenoid 
switching valve, two impactors used a com¬ 
mon, mass-flow controlled pump, and each 
impactor operated on alternate 15-min col¬ 
lection cycles. Respirable panicle samples, 2.5 
urn in diameter or less, were collected on 
Teflon* filters (Membrana, Inc, Pleasanton* 
CA), and nicotine was collected on sodium- 
bisulfate-treated glass fiber filters (Millipore 
Corp., Bedford, MA) to minimize its volatili¬ 
zation. After extraction from the filter, anal¬ 
ysis for nicotine was done on a Shimadzu 
GOA gas chromatograph (Columbia, MD) 
with a flame ionization detector. The nico¬ 
tine collection and extraction procedure is a 
modification of that described by Hammond 
and coworkers (7). The recovery of nicotine 
by this procedure has been shown to be 98% 
efficient. The sensitivity for detection of 
respirable panicles and nicotine was 5.0 pg 
and 0.05 ppm, respectively. 

Data Analysis 

Variability of questionnaire responses, respira¬ 
ble panicle and nicotine concentrations, and 
urinary cotihine levels were assessed with 
univariate analyses. From the questionnaire 
responses, we used the total number of house¬ 
hold smokers, including cigarette, cigar, and 
pipe smokers, and the total number of hours 
exposed as the measures of home exposure. 
The predominant source of tobacco smoke 
was from cigarette smoking. During the en¬ 
tire sampling period, there were only 4 days 
in which any subject reported exposure to a 
cigar smoker, and none reported exposure to 
* pipe smoker. 


To examine determinants of the variability 
in the measurements, we used multiple linear 
regression. The dependent variables (respira¬ 
ble particles, nicotine, urinary cotinine, and 
salivary cotinine) were analyzed as continuous 
variables. For the predictive factors, indicator 
variables were defined for house (HOUSE =* 
1 to 10), individual (INDIVIDUAL = 1 to 
20), age group (AGE GROUP < 18 yr versus 
> 18 yr), season (SEASON = March-April 
versus May-October), and number of smok¬ 
ers per day (NUMBER * zero versus > I). 
Other independent variables, number of hours 
(HOURS) exposed per day, respirable parti¬ 
cles, and nicotine were continuous. 


11 h. 

Respirable particle and nicotine con¬ 
centrations were obtained for 99% of the 
sampling days (figures 1 and 2). The 
mean concentrations of respirable parti¬ 
cles in the 10 homes ranged from 32.4 
pg/m 3 (SD = 13d) to 76.9 pg/m 3 (SD 
= 32.9), and concentrations of nicotine 
ranged from 0.6 pg/m 3 (SD = 0.69) to 
6.9 pg/m 3 (SD = 8.2). Spearman’s corre¬ 
lation coefficient between the respirable 
panicle concentrations and the nicotine 
concentrations was 0.54 (n = 99, p =* 
0 . 0001 ). 



House 


Fig. 2. Atmospheric nicotine concentrations measured during 24-h tempting periods in 10 homes with at least 
one dgaretts smoker. The bars indicate the mean tevais tor each home. Levels of nicotine were undetectable 
on 1 or more days in Houses 1 (n - 3), 2 (n - 2), 4 (n - 2). and 6 (n - 1). 
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TABLE 1 

COEFFICIENTS OF DETERMINATION FOR THREE LINEAR REGRESSION 
MODELS' PREDICTING RESPIRABLE PARTICLE AND 
NICOTINE CONCENTRATIONS IN AIR SAMPLES 
FROM 10 HOMES, NEW MEXICO, 1966 




R J 


Dependent Variable 

Model 1 

Model 2 

Model 3 

Respirable particles. ug/m J 

034 

008 

009 

Nicotine, ng/m 5 

0:28 

0.04 

0 06 


* IndacwrKtont Vftnabto* Mod* 1 ■ HOUSE (1 to 10, r*pr***n1tr>g TM 10 hom**}; Mod* 2 • NUM¬ 
BER {iwo versus > 1 smokers) ♦ SEASON (Merch-Apnl vnut May-October) Mod* 3 - NUMBER 
U*to versus > 1 smokers) ♦ HOURS (Continuous) ♦: SEASON (MarctwApnf versus M*y-Octo6er) 


TABLE 2 


EGRESSION COEFFICIENTS FOR MODEL THREE* PREDICTING 
RESPIRABLE PARTICLE AND NICOTINE CONCENTRATIONS IN 
AIR SUPPLY FROM 10 HOMES, NEW MEXICO, 1986 



Regression Coefficients tor Model 3 


One or More 
Smokers 

HOURS 

CoW Months 

Respirable particles, yg/m* 

♦ 17.3 

(- 3.0, 37.7)t 

♦ 0.4 

(-1.0, 1.8) 

+ 8.9 

(i-l.l, 18.9) 

Nicotine, ug/m 1 

♦ 2.1 

(-2.7, 5.9) 

♦ 0.2 

(1-0.1, 0.5) 

-0.7 

(-2 5. 11) 


* See t*xl and table 1 tor de scrip tion o4 Mod* 3 
t confidence interval* shown * pars nth— e» 


The variability of respirable particle 
and nicotine concentrations for the two 
sampling periods, every other day or ev¬ 
ery other week, were described with one¬ 
way analysis of variance. For the respira¬ 
ble panicle concentrations, the intra¬ 
house mean square error, describing the 
extent of variation for a particular house¬ 


hold, was greatest for sampling every oth* 
er day (516.8) compared with every oth* 
er week (258.7). A contrasting pattern of 
variation was observed for nicotine, with 
mean square errors of 3.6 and 19.0 for 
every other day and every other week, 
respectively. 

For the panicle and nicotine measure- 



ohfttf 

FiQ- a Urinary cotinine concentrations standardized to urinary creatinine concentration In nina nonsmoking chil- 
dran from homes with at least one cigarette smoker. The bars indicate the mean levels tor each child. Levels 
of urinary cotinine were undetectable on 1 or more day* tor Subjects 2 {n - 2), 4 (n - 2). 5 (n • 3), 9 (n - 
4). 10 (n - 1). 12 (n - 1), 16 (n - 1). end 18 (n » 5) 


ments, we used linear regression to ex¬ 
amine factors influencing the concentra¬ 
tions and the variability of the concen¬ 
trations. A model that included variables 
representing each of the 10 houses ex¬ 
plained the greatest amount of variabili¬ 
ty, as shown by the magnitude of the R 2 
value (table 1). Compared with the model 
with the variables for individual homes, 
the models that included number of 
smokers explained markedly lower per¬ 
centages of the variability of levels of 
nicotine and particles. Although not sta¬ 
tistically significant, increases in respira¬ 
ble particles were associated with expo¬ 
sure to one or more cigarette smokers in 
the home and with the colder months, 
March and April (table 2). There was no 
association of particle levels with the 
number of hours of exposure. Nicotine 
levels increased, although not significant¬ 
ly, with exposure to smokers in the home, 
but were not predicted by the season 
(table 2). 

Cotinine levels were obtained on 187 
urine specimens from 20 nonsmokers, 
and 153 saliva specimens were obtained 
from 16 nonsmokers. We were unable to 
obtain saliva specimens from four chil¬ 
dren, all 4 yr of age or younger. The in¬ 
dividual mean urinary cotinine levels 
standardized to urinary creatinine con¬ 
centration ranged from 3.9 ng/mg Cr (SD 
= 6.5) to 55.8 ng/mg Cr (SD = 32.0). 
For salivary cotinine, the mean levels 
ranged from 0.9 ng/ml (SD = 0.8) to 4.3 
ng/ml (SD = 1.4). The mean urinary 
cotinine levels and variability tended to 
be greater in the children tham in the 
adults (figures 3 and 4) (data not shown 
for salivary cotinine). Spearman’s corre¬ 
lation between the urinary cotinine and 
salivary cotinine concentrations was 0.32 
(n = 153, p * 0.0001). Correlations be¬ 
tween the cotinine levels and the at¬ 
mospheric markers were highest for sali¬ 
vary cotinine and nicotine (table 3). 

As for the atmospheric markers, we 



i 


TABLE 3 

SPEARMAN'S CORRELATION COEFFICIENTS 
BETWEEN COTININE LEVELS IN URINE 
AND SALIVA AND RESPIRABLE 
PARTICLES AND NICOTINE. 

NEW MEXICO, 1986 


r 

Urinary cotinine. n - 187 


Respirable particles 

0.25 

Nicotine 

0.15 

Salivary cotinine, n - 153 


Respirable particles 

0.25 

Nicotine 

0.38 


Source: https://www.industrydocuments.ucsf.edu/docs/fznx0000 
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Fig. 4. Urinary cotinina concantrationa ttandardiMd to urinary craatinina concentration in T1 nonsmoking adults 
from homas with at taast ona cigaratta smokar. Tha bars indicate tba mean lavs** tor each adult. Levels o< urinary 
cotinina war* undetectable on 1 or mora days tor Subjects 1 (n - 4), 3 (n - 2),' 8 <n « 2), 11 (n - 1), 13 (n 
• 6), 14 (n - 6), and 15 (n - 2). 


TABLE 4 

COEFFICIENTS OF DETERMINATION FOR THREE LINEAR REGRESSION 
MODELS* PREDICTING URINARY AND SALIVARY COT I NINE 
CONCENTRATIONS IN NONSMOKERS EXPOSED TO 
TOBACCO SMOKE, NEW MEXICO, 1986 




R* 


Dependent Variable 

Modal 1 

Modal 2 

Modal 3 

Urinary cotinina. ng/mg Cr 

0.47 

0.05 

0.08 

Salivary cotinina, ng/ml 

0.57 

0.09 

0.23 


• Independent vtfaMaa: Modal 1 1 ■ INDIVIDUAL (1 to 20. rsprsssnting the 20 nonsmoking todrvtdo- 
ate); Model 2 - NUMBER (zero vsrsus > 1 smoker*) ♦ SEASON (MarcK-Apm vswus Msy-Octobsr) 
4 AGE GROUP (< 18 versus > 1§ yr): Model 3 - NUMBER (rero versus > 1 emoker*) + HOURS 
(continuous) ♦ SEASON (March-April versus Mey-October) + AGE GROUP (< 18 versus > 18 yr). 


used one-way analysis of variance to de¬ 
scribe the variability in urinary and sali¬ 
vary cotinine concentrations during the 
two sampling periods: every other day 
or every other week. In contrast to the 
atmospheric markers, the variability in 
cotinine levels was comparable for the 
two periods. The intraindividual mean 


square errors for urinary cotinine were 
175;8and 194.8, and for salivary cotinine 
it was 0.9 and 0.7. 

For the urinary and salivary cotinine 
levels, we also examined determinants of 
variability and concentration with line¬ 
ar regression. Models that included in¬ 
dicator variables for the 20 nonsmoking 


subjects explained 47 and 57<7o of the 
variability in cotinine levels, respectively 
(table 4). Compared with this model, oth¬ 
er models that included exposure to en¬ 
vironmental tobacco smoke and age 
group explained much lower proportions 
of the variability. Urinary cotinine levels 
were significantly (p < 0.05) higher 
among children than among adults (ta¬ 
ble 5). Although the effect was not sig¬ 
nificant, exposure to one or more smok¬ 
ers resulted in higher urinary cotinine lev¬ 
els than did no exposure. The number 
of hours of reported exposure and the 
season were not significant predictors of 
cotinine level. For salivary cotinine lev¬ 
el, the hours of exposure was the only 
significant predictor. 

Prediction of level of urinary or sali¬ 
vary cotinine was not greatly improved 
with the use of respirable particles or 
nicotine as independent variables. The 
proportions of the variability in the uri¬ 
nary cotinine levels explained by respira¬ 
ble particle and nicotine concentrations 
were 0.03 and 0.04, respectively. For sali* 
vary cotinine, the corresponding R 1 
values were only slightly higher at 0.07 
and 0.13, respectively. 

Discussion 

Environmental tobacco smoke is a com¬ 
plex mixture of gases and particles that 
changes as it ages. Personal exposure to 
environmental tobacco smoke is deter¬ 
mined by the nonsmoker’s activity pat¬ 
tern; exposure may be received in the di¬ 
verse microenvironments encountered 
throughout the course of day-to-day ac¬ 
tivities. For many nonsmokers, the home 
is a predominant location of exposure (9). 
In this investigation, we assessed methods 
for measuring exposure to environmen¬ 
tal tobacco smoke in the home that can 
be used for epidemiologic research: air 
monitoring, questionnaires, and biolog¬ 
ic markers. 

In other populations, cigarette smok- 


TABLE 5 

REGRESSION COEFFICIENTS FOR MODEL THREE* PREDICTING URINARY AND SALIVARY COTININE 


CONCENTRATIONS IN NONSMOKERS EXPOSED TO TOBACCO SMOKE. NEW MEXICO, 1986 




Regression Coeffrosnts* Modal 3 



Ona or Mora 
Smokara 

HOURS 

SEASON 

AGE GROUP 

Urinary cotinina. ng/mg Cr 

♦ 5.4 

(-4.8. 15.6)t 

♦ 0.8 
(0.0. 1.6) 

-0.2 

( -5.8, 5.4) 

♦ 5 4 

(0.0. 10 8) 

Salivary cotinina, rvg/mt 

♦ 0.13 

(-0.06, 0.86) 

♦ 0.15 
(0.09. 0.21) 

-0.02 

(-0.41. 0.37) 

-0.81 

(-1.34, -0.28) 


• Sm tsxt end tab** 4 tor description of Mod* 3. 

1 98* confidents iMsrveJs shown In psrsnthesss. 
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ing has been shown to be a strong source 
of respirable particles in the home (l, 10, 
11). Spengler and coworkers (10) estimat¬ 
ed that the average increase in the indoor 
concentration of respirable particles was 
20pg/m 3 for each smoker. We estimated 
an average increase of 17 pg/m 3 for one 
or more smokers (table 2); the average 
concentrations in the New Mexico homes 
(figure 1) were above the mean of 24 
pg/m 3 in nonsmoking homes from six 
U.S. cities (10). Nicotine was present on 
most sampling days (figure 2). The mod¬ 
erate correlation between the nicotine 
and respirable particle concentrations 
(Spearman’s r = 0.54) confirms the im¬ 
portance of tobacco smoking as a source 
of particulate pollution in the home. Lit¬ 
tle data have been reported on nicotine 
concentrations in the home (1,2); the lev¬ 
els in the New Mexico homes were some¬ 
what lower than an average concentra¬ 
tion of 11.2 pg/m 3 reported by Muramat- 
su and coworkers (12) for three homes 
in Japan. However, the results from our 
investigation and the Japanese study are 
not directly comparable because the Jap¬ 
anese data were from personal samples. 
Furthermore, information on intensity 
or duration of exposure to tobacco smoke 
was not provided for the Japanese homes. 
In a recent study in North Carolina, the 
homes of 27 children were monitored 
overnight for nicotine with a sampler that 
was located near the child (13), The aver¬ 
age nicotine concentration in homes with 
smokers was 3.74 pg/m 3 , with a range 
from about 1 to 7 pg/m 3 . The higher lev¬ 
els in our study may reflect the differing 
sampling strategies; the nicotine sampler 
remained in the activity room through¬ 
out the monitoring period in our study, 
but it was moved to the child’s bedroom 
in the North Carolina study when the 
child slept. 

Questionnaires on exposure to envi¬ 
ronmental tobacco smoke generally as¬ 
sess the strength of the source, e.g„ the 
number of smokers or the number of cig¬ 
arettes consumed, and the duration of 
exposure. The concentration of environ¬ 
mental tobacco smoke, however, depends 
not only on the source strength but on 
room size, mixing, adsorption of smoke 
components, and the rate of exchange of 
indoor with outdoor air. Personal ex¬ 
posure also varies with the nonsmoker’s 
proximity to the smoker. Questionnaires 
cannot comprehensively and accurately 
assess each of these factors. 

Not surprisingly, we found that the 
questionnaire responses were poor pre¬ 
dictors of concentrations of respirable 


particles and nicotine (table 1). The high¬ 
est R 2 values were obtained with a regres¬ 
sion model that included variables for the 
individual homes; presumably, these vari¬ 
ables represented characteristics of the 
homes, many of them unmeasurable, that 
determined concentrations at a given lev¬ 
el of smoking. 

Cotinine, nicotine’s major metabolite, 
has a half-life of 20 to 40 h in nonsmok¬ 
ers (1). It can serve as a specific biologic 
marker of exposure to environmental 
tobacco smoke that has been received 
over a period of days. At any given level 
of nicotine exposure, cotinine levels in 
body fluids are also determined by up¬ 
take, metabolism, and excretion (1). In 
regression analyses to predict cotinine 
concentrations, the models that includ¬ 
ed variables for the individual subjects 
gave the highest R 2 values (table 4). 
Models including only the questionnaire- 
derived exposure measures or the at¬ 
mospheric markers had low R J values. 
Our findings in a large population-based 
survey were similar (14). In 247 nonsmok¬ 
ing adults with a detectable cotinine lev¬ 
el, variables for subject age, number of 
cigarettes smoked by the spouse, and 
number of cigarettes smoked by other 
household smokers explained only 2% 
of the variance of salivary cotinine level 
for females, and 16°/o of the variance for 
males. 

In epidemiologic investigations of the 
adverse health effects of environmental 
tobacco smoke, questionnaires have been 
the sole approach for assessing exposure 
(1; 2). Air monitoring and biologic mark¬ 
ers represent promising and feasible ap¬ 
proaches for assessing exposure to en¬ 
vironmental tobacco smoke. For the 
home environment, our data demonstrate 
that indexes of exposure to environmen¬ 
tal tobacco smoke based on question¬ 
naires, biologic markers, and air moni¬ 
toring are not tightly correlated. At a par¬ 
ticular level of exposure, as assessed by 
inventory of household smokers, concen¬ 
trations of respirable particles and nico¬ 
tine vary widely, as do levels of salivary 
and urinary cotinine. The variability of 
the atmospheric and biologic markers 
must be considered in using them as stan¬ 
dards for assessing misclassification by 
questionnaires. Fbr environmental tobac¬ 
co smoke exposure at home, our data sug¬ 
gest that single measurements of either 
levels of environmental tobacco smoke 
components or of biologic markers are 
not adequate for characterizing usual ex¬ 
posure. Multiple measurements are need¬ 
ed. It may be misleading to assess the va¬ 


lidity of questionnaire measures against 
a single determination of an atmospher¬ 
ic or biologic marker. We suggest that 
atmospheric and biologic markers offer 
complementary approaches to question¬ 
naires for assessment of exposure to en¬ 
vironmental tobacco smoke, and that 
these methods should be used together 
to estimate the magnitude of misclassifu- 
cation from questionnaire responses. 
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